happen due to the presence of very small air bubbles, which are not found in foetal tissues. [9, 10] On the other hand, the acoustic effects, which apply their energy through increasing the temperature of the tissues to more than their physiological normal temperature, are recognized as the thermal mechanisms. Heat can change body tissues in many ways; accordingly, a rapid temperature raise caused by high-intensity focussed ultrasound can easily destroy anything in its hotspot. In lower temperatures, ultrasonic attenuation may cause induced hypothermia in the targeted area. The hypothermia creates because slowing 5%-7% in cellular metabolism due to 1°C dropping the body temperature. [11, 12] This kind of heat can also damage the biological systems by inducing other changes, such as increasing the metabolism and tissue perfusion. [13, 14] Hyperthermia can also lead to further detrimental effects, especially in tissues with low levels of perfusion. [12] This phenomenon is of paramount importance in the foetal tissues, specifically during the organogenesis (i.e., the first trimester) and cell migration (i.e., the second and third trimesters) periods. [15, 16] With this background, the present study aimed to evaluate the changes in foetal heart rate (FHR) and maternal heart rate due to 4D ultrasonography immediately after ultrasound imaging.
MaterIals and Methods
This descriptive study was conducted on 178 pregnant women, who were referred to the ultrasound clinic for undergoing a 4D ultrasonography. The minimum sample size was calculated 130. It was estimated based on Type I error equal 0.05, power 80% and the minimum difference for two mean 0.04 and standard deviation for means equal 0.1. All the individuals signed the informed consent form for participation in the study. Moreover, the Ethical Committee of Arak University of Medical Sciences approved the protocol of this study by 92-151-11 code.
An experienced expert using the Medison 8000 Live Ultrasound Machine performed all ultrasound scans. After filling out the demographic forms, the baseline FHR was measured in the participants at the beginning of the 2D ultrasound imaging. At the same time, the maternal heart rate was recorded for a minute. Afterwards, the 4D ultrasonography was conducted, and all these parameters were documented at the end of the combined ultrasound imaging.
Inclusion criteria were women with 18-45 years old, having 4D sonography request and gestational age between 15 and 35 weeks. The exclusion criteria were any foetal defects or anomalies, fever in mother, history of cardiovascular diseases and arrhythmia, drug abuse or consumption of any medication that could affect the participant's heart rate and temperature of mothers.
Data analysis was performed using descriptive statistics including mean, standard deviation, and error bar for description data. Moreover, paired t-test and Pearson's correlation coefficient were used for inferential analysis. Analysis of covariance (ANCOVA) was used to adjust the effect of baseline heart rate in foetus and mother as well as the sonography effect. All the analysis conducted by IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp. 2011. Armonk, NY, USA). P < 0.05 was considered statistically significant.
results
In total, 178 pregnant women were evaluated through ultrasound imaging. The mean age of the participants was 29.34 ± 5.02, which had a normal pattern and ranged from 18 to 45. The clinical and demographic characteristics of the participants are provided in Table 1 . Furthermore, the mean gestational age was 19.92 ± 2.95 weeks. In addition, the mean duration of 2D and 4D ultrasound imaging was 1249.8 ± 257 s, the minimum and maximum of which were 840 and 2280 s, respectively. Moreover, mean 4D ultrasound duration was 246.1 ± 83.3 with a range of 65-481 s.
The changes in FHR and mother heart rate before and after the ultrasound imaging are presented in Table 2 . The results of the paired t-test demonstrated no significant difference between the FHRs before and following the ultrasound imaging (P = 0.394) [ Figure 1a] . Moreover, the maternal heart rates were estimated before and after performing the 4D ultrasonography, and the mean of maternal heart rates was 93.21 ± 12.27 and 90.69 ± 9.83 before and after the 4D ultrasound imaging, respectively. Furthermore, the paired t-test revealed a significant difference between the maternal heart rates before and following the ultrasound imaging (P < 0.001) [ Figure 1b ]. However, a significant decrease was showed in heart rate after sonography in mothers who were under study.
Moreover, there was a direct correlation between the mean of changes in FHR and sonography duration (r = 0.368, P ≤ 0.001). To adjust the effect of sonography duration, ANCOVA was used as a multivariate model. The ANCOVA showed [ Table 3 ] that base FHR (β = 0.659, 95% confidence : 0.482-0.836, P < 0.001) was only related factor for change in FHR, while the sonography was not related factors (β = 0.006, 95% CI: 0.011-0.024, P = 0.467). Moreover, the effect of sonography on Mother heart rate (MHR) was not significant (β = 0.005, 95% CI: 0.014-0.024, P = 0.570), while the base MHR was associated directly with MHR change (β = 0.604, 95% CI: 0.494-0.714, P < 0.001).
dIscussIon
Today, ultrasound, which is known as a safe imaging technique, is widely used in medicine and midwifery. Nevertheless, the thermal and non-thermal mechanisms are recognized as potential biological effects of exposure to ultrasound, and the majority of studies have confirmed the safety of this method. However, most of these studies were conducted on old ultrasound machines, and the safety of modern devices has not been approved yet. However, we showed that the 4D ultrasonography is a safe method and did not effect on fetal heart, while a decreasing effect was observed in maternal heart rate and it need to future studies.
According to the results of the present study, application of a 4D ultrasound device had no significant impact on the FHR, which is an indicator of increased body temperature in foetus. However, a significant decrease was observed in the maternal heart rate following the ultrasound imaging. The foetal heartbeat begins at 6 weeks of gestation, which results in the formation of embryonic circulatory system. Placenta is almost completely formed by the 11 weeks of gestation, and the elementary components of the perfusion blood flow get in their position. [2, 17] It should be considered that during the ultrasound imaging in the first few months, the embryo's heat dissipation mechanism is through distribution and not perfusion. [3, 18] The acoustic effects of a diagnostic ultrasound imaging cause an increase in the temperature of the foetal tissue. [12, 19] When ultrasonography is performed on the bone, most of the energy will be converted into heat. [9, 13] Accordingly, the temperature approximately bones will increase alongside with bone development during pregnancy. [12, 19] Although adverse fetal outcomes may happen at any period of the pregnancy, especially by affecting to chronic disease such as diabetes. [20, 21] Adverse foetal outcomes have been demonstrated in an animal research that the most severe thermal effects occur during the organogenesis. [13, 19] Some studies examined the impact of the ultrasound foetal exposure on growth, physiologic and haemodynamic variables such as heart rate and temperature. [17, 18, 22] Horder et al. study showed that 120-s exposures with ultrasound increased the mean temperature of the sphenoid bone to 1.5°C. This increase was easily distributed to the adjacent hypothalamic tissue, which is responsible for adjusting the body temperature through changing the heart rate. [23] However, it was demonstrated in the mentioned study that the exposure to ultrasound imaging led to no significant change in the FHR.
In 2009, the World Health Organization conducted a review study to evaluate 41 studies on the safety of ultrasound during pregnancy. According to the results of this review, ultrasound was not associated with such foetal and maternal complications as development of physical or neurological impairment, increased risk of malignancy in childhood, weak mental function and mental diseases. [18] The current study has some limitations. However, we showed that ultrasound imaging has a reduction effect on mother heart rate, while this change is not clinically important and the authors suggested that used these results with attention. Moreover, the long-time prospective side effects of ultrasound imaging need to more studies, and we cannot assess them.
conclusIon
In the current study, the maternal heart rates decreased after performing the ultrasound imaging, which might be due to the maternal stress reduction owing to leaving the waiting room or lying down, hearing the FHR and getting assured about the health of the neonate. According to the findings of the present study and those of the literature, it seems that the diagnostic ultrasound imaging is a safe method for foetus. It is recommended that long-term studies should be conducted in the future to assess the association of the 4D ultrasound imaging with the preterm labour, post-partum complications and mental problems.
